ABSTRACT. A formulation of the Hazen-Williams equation is typically used to determine the diameter of the common flush
qual dripline lengths that are connected to a common flushline will result in spatial flow variation (Lamm and Camp, 2007) . Shorter flushlines are often required on irregularshaped fields to minimize the total amount of flow variation during both normal operation and flushing. The total allowable downstream dripline pressure must account for friction losses in the dripline due to increased flow during flushing and the friction losses in the dripline connection to the flushline, in the flushline valve assembly, and within the flushline itself. The total downstream dripline pressure during flushing should be as low as economically and operationally practical, typically less than 10 to 15 kPa (Lamm and Camp, 2007) , and typical flushline friction losses should be 5 kPa or less. where F is the multiple outlet factor, L f is the length of the flushline section (m), h f is the friction loss for a level-grade flushline (m), Q f is the cumulative flowrate in (L s -1 ) for all driplines flowing into that section of the flushline at a specified flushing velocity, and C is the friction coefficient (varying from 143 to 150 for smooth plastic pipe for typical flushline sizes, with a C value of 146 fitting the vast majority of flushline sizes, i.e., 38 to 127 mm inside diameter). The multiple outlet factor can be assumed to be 0.36 for most long flushlines or can be determined from tabular values available in most irrigation design textbooks (e.g., Burt and Styles, 1999; Keller and Bliesner, 2000; .
Although equation 1 is accurate and not exceedingly complex, it lacks intuitiveness and its usage can be confusing since it only uses the portion of the total flowrate that exits the ends of the driplines (i.e., flowrate attributable to emitter discharge is not considered in this portion of the design). More intuitive D f estimation methods exist which state that the cross-sectional area of the flushline is related to the cumulative cross-sectional area of all the flow-contributing driplines (Marais, 2001; Lamm and Camp, 2007) . A D f of one pipe diameter size larger than the equivalent diameter for the total cumulative cross-sectional area of the driplines connected to it was recommended by Marais (2001) without stating any additional constraints or design assumptions. A less conservative recommendation by Lamm and Camp (2007) indicated that a flushline cross-sectional area of 25% or more of the cumulative cross-sectional area of the driplines is typically acceptable for a 0.3 m s -1 dripline flushing velocity, which will maintain flushline frictional losses at 5 kPa or less. They indicated that this sizing guideline is adequate for dripline diameters of 16 to 35 mm and typical dripline spacings. Through algebraic simplification, the recommendation of Lamm and Camp (2007) can be expressed as: Lamm and Camp (2007) point out is adequate for many typical design scenarios. They suggest that it can be used for initial D f estimates, with the more formal Hazen-Williams equation then being used to determine the actual friction loss within the selected flushline. Likewise, irrigation designers using equation 1 can use equation 2 as a rough check on their calculations of D f . The usefulness of equation 2 might be extended by refining estimates of any coefficient and factor exponents and by including other important design factors that might affect calculation of D f , such as flushing velocity, dripline spacing, and the allowable friction loss within the dripline. Mathematically, the efforts can be expressed as determining:
where D f is a function of dripline diameter (D d ), the number of contributing driplines (N d ), the required flushing velocity (V f ), the spacing of the driplines (S d ), and the allowable friction loss within the flushline (h f ). This technical note discusses the refactorization of equation 1 to a form similar to equation 3, examines further simplifications that are appropriate in many design scenarios, and through revision of the coefficient and exponents improves the accuracy of an equation similar to the Lamm-Camp guideline expressed in equation 2. 
ALGEBRAIC MANIPULATION AND PIPE SIZING
to group the conversion coefficient with the F and C terms, which can be considered for practical terms as constants for these calculations. As stated earlier, F is 0.36 and C is 146 for most PVC flushlines, so equation 5 becomes:
It can be recognized that:
with L f and S d in similar length units. Equation 7 recognizes that the flushline can end at the first and last driplines, but for simplicity of overall calculations of
It also can be recognized that:
With substitution of equations 8 and 9 into equation 6 and simplification: 
which would be a complete and approximate functionally equivalent form (eq. 3) of the Hazen-Williams formulation (eq. 1) for calculation of the flushline diameter (D f ) in mm, with V f in m s -1 , S d in m, and h f in m. As indicated earlier, the allowable friction loss (h f ) is typically maintained at 0.51 m (5 kPa) or less, so equation 10 can be simplified to:
Further assuming a dripline spacing (S d ) of 1.5 m, which is typical for many row crop applications, equation 11 reduces to:
Further assuming a required flushing velocity (V f ) of 0. 
RESULTS AND DISCUSSION

ACCURACY OF ORIGINAL LAMM-CAMP GUIDELINE EQUATION
The flushline diameter guideline (eq. 2) provided by Lamm and Camp (2007) works reasonably well for typical length flushlines ( 100 m) that also have typical dripline diameter (22.2 mm) and spacing between driplines (e.g., 1.5 m) for a flushing velocity of 0.30 m s -1 ( fig. 3) . However, the accuracy decreases considerably as the design parameters change from these typical values (figs. 3 to 6). This is particularly the case for longer flushlines with their increased number of contributing driplines (N d ) and for changes in flushing velocity ( fig. 4) or the allowable friction loss within the flushline ( fig. 6 ).
IMPROVEMENTS TO ORIGINAL LAMM-CAMP GUIDELINE EQUATION
As stated earlier, equation 13 represents an improvement to the original Lamm-Camp guideline (eq. 2) for flushline diameter sizing ( fig. 7 as compared to fig. 3 ). The improved equation no longer has inaccuracies for longer flushlines (i.e., increased N d ) and larger diameter driplines, which are sometimes used for lesser-value commodity crops to decrease SDI system costs.
As stated earlier, the required flushing velocity (V f ) often varies by designer preference and/or government cost-sharing requirements, with values as great as 0.61 m s -1 sometimes being used. There is a marked accuracy improvement Although a dripline spacing (S d ) of 1.52 m is common for many SDI systems, it can vary with the crops being grown and regional cultural practices. Although the improvements are not as marked as was the case for the inclusion of flushing velocity (V f ), the addition of S d to the determination of flushline diameter (eq. 11a.) would be desirable when S d varies considerably from 1.52 m (fig. 9) .
The allowable friction head loss within the flushline (h f ) should typically be set at 0.51 m (5 kPa) or less, which is reasonable considering that the total backpressure on the driplines during flushing should be less than 10 to 15 kPa (Lamm and Camp, 2007) . Given this practical design limitation, there is less value in adding h f to the determination, but for completeness it would be equation 10a in table 1, which as stated earlier is approximately functionally equivalent to the full Hazen-Williams formulation (eq. 1).
